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Abstract 
Sedimentological and geochronological analyses were performed on 
Carboniferous strata from central Inner Mongolia (China) to determine the tectonic 
setting of the southeastern Central Asian Orogenic Belt (CAOB). Sedimentological 
analyses indicate that the widespread Late Carboniferous strata in central Inner 
Mongolia were dominated by shallow marine clastic-carbonate deposition with basal 
conglomerate above the Precambrian basement and Early Paleozoic orogenic belts. 
Based on lithological comparison and fossil similarity, five sedimentary stages were 
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used to represent the Carboniferous deposition. The depositional stages include, from 
bottom to top, 1) basal molassic, 2) first carbonate platform, 3) terrigenous with 
coeval intraplate volcanism, 4) second carbonate platform, and 5) post-carbonate 
terrigenous. These five stages provide evidence for un extensive transgression in 
central Inner Mongolia during the Late Carboniferous. Detrital zircon 
geochronological studies from five samples yielded five main age populations: ~310 
Ma, ~350 Ma, 400-450 Ma, 800-1200 Ma and some Meso-Proterozoic to Neoarchean 
grains. The detrital zircon geochronological studies indicate that the provenances for 
these Late Carboniferous strata were mainly local magmatic rocks (Early Paleozoic 
arc magmatic rocks and Carboniferous intrusions) with subordinate input of 
Precambrian basement. Combining our sedimentological and provenance analyses 
with previous fossil comparison and paleomagnetic reconstruction, an inland sea was 
perceived to be as the main paleogeographic feature for central Inner Mongolia during 
the Late Carboniferous. The inland sea developed on a welded continent after the 
collision between North China Craton and its northern blocks. 
Key words: Central Asian Orogenic Belt; Central Inner Mongolia; Carboniferous; 
Sedimentary; Detrital zircon 
 
1 Introduction  
The Central Asian Orogenic Belt (CAOB), also referred to as the Altaid tectonic 
collage, is considered to be the largest Phanerozoic accretionary orogenic belt in the 
world and has attracted attention and intensive research for several decades (Sengör et 
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al., 1993; Jahn et al., 2000; Windley et al., 2007; Xiao et al., 2010; Wilhem et al., 
2012; Choulet et al., 2013; Zhou and Wilde, 2013; Kröner et al., 2014; Xiao and 
Santosh, 2014). The CAOB records long-term evolution of the Paleo-Asian Ocean 
from the Neoproterozoic (Khain et al., 2002) to the Late Paleozoic (Sengör et al., 
1993; Xiao et al., 2003; 2009; Wilhem et al., 2012; Xu et al., 2013), and represents 
the most important place for Phanerozoic crust growth, producing abundant juvenile 
crust with positive epsilon Nd and Hf (Han et al., 1997; Jahn et al., 2000; 2004; Chen 
et al., 2009). The CAOB formed by complicated subduction-accretion processes, with 
various fragments including microcontinents, island arcs, ophiolite complexes, 
seamounts, oceanic plateaus, and accretionary prisms (Windley et al., 2007; Safonova 
et al., 2011; Choulet et al., 2012; Wilhem et al., 2012; Safonofa and Santosh, 2014). 
After the accretion and collision, the former united fragments re-activated, with 
intra-plate magmatism and deposition occurring in the extensional zones (Tang, 1990; 
Hong et al., 1994; Zhang et al., 2008; Yarmolyuk et al., 2008; Jahn et al., 2009; Yuan 
et al., 2010; Han et al., 2011; Chen et al., 2012; Yu et al., 2013). In this case study, we 
chose the north margin of North China Craton (NCC), located in the southeast of 
CAOB, to decipher the transition between accretion and post-accretional extension. 
The central part of Inner Mongolia (China), located at the north of NCC, 
represents a key area for studying the evolution between NCC and the Siberian Craton 
(SIB), who were separated by the Paleo-Asian Ocean (PAO) (Fig. 1a; Zonenshain et 
al., 1990; Windley et al., 2007; Xiao et al., 2010). The PAO was first introduced by 
Zonenshain et al. (1990). Its closure recorded the successive accretion of microblocks 
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and magmatic arcs to the north margin of NCC and south margin of SIB, respectively 
(Didenko et al., 1994; Dovretsov et al., 2003; Safonova, 2009; Xiao et al., 2010). 
Debates over the closure of PAO between NCC and SIB have lasted over decades, 
especially on the position and timing of the final closure. Based on two sub-parallel 
ophiolitic mélanges and relative unconformities, Tang (1990) considered that PAO 
closed in the Late Devonian. Xu et al. (2013; 2014) improved this model and 
suggested a microblock called Songliao-Hunshandake Block (SHB) exists between 
NCC and the Airgin Sum-Xilinhot-Xing’an Block (AXXB), which separates PAO into 
the southern and northern branches. The southern branch closed in the Late Silurian 
by the Southern Orogen, while the northern branch closed in the Late Devonian by the 
Northern Orogen (Xu et al., 2013; 2014). Nevertheless, Jian et al. (2008) considered 
that these two orogenic belts were caused by continent-arc collision. The subduction 
of PAO beneath NCC restarted in the Late Carboniferous, forming intra-oceanic 
arc–trench related magmatic rocks, with the final closure of PAO occurring in the 
Late Permian (Jian et al., 2010). However, many authors argued that PAO lasted for 
the whole Paleozoic until the latest Permian final collision along the Solonker suture 
zone based mainly on geochronological and geochemical studies of 
Carboniferous-Permian granitoids and mafic-ultramafic intrusions (Chen et al., 2000; 
Xiao et al., 2003; Zhang et al., 2009; Liu et al., 2013). Li (2006) even considered that 
the final collision did not occur until the Early Triassic along the Xar Moron fault 
according to the Early Triassic syntectonic granites. 
The key for understanding the contradiction of these models and revealing the 
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tectonic history of central Inner Mongolia should be found in the Carboniferous rocks 
because they connect the two disputed closing times, the Late Devonian and Late 
Permian, and the Carboniferous rocks crop out in all tectonic blocks recognized in 
Inner Mongolia. Because only a few Carboniferous magmatic rocks are exposed in 
central Inner Mongolia, previous studies resulted in the opposite interpretation of 
geochemical affinities and relationship with country rocks and did not allow 
geologists to reach a consensus about the Carboniferous tectonics (Bao et al., 2007; 
Zhang et al., 2007; 2009a; Liu et al., 2008; Tang et al., 2011; Zhang et al., 2012; Liu 
et al., 2013). Fortunately, Carboniferous sedimentary strata are widespread in Inner 
Mongolia, and they may provide a good opportunity to study the Carboniferous 
sedimentary-tectonic environment and to understand its geodynamic implication. 
Meanwhile, sedimentological studies are relatively short in this area though they may 
provide fundamental information on the tectonic evolution. Only Mueller et al. (1991) 
previously compared sedimentological data for the Late Paleozoic strata in Inner 
Mongolia, while others either focused on the Late Paleozoic strata in a local region 
(Jiang et al., 1995a,b; Xu and Chen et al., 1997) or the Mesozoic rift basins in 
southern Mongolia and Inner Mongolia (Hendrix et al., 1996; Graham et al., 2001; 
Meng, 2003; Johnson, 2004). Moreover, most previous sedimentological studies 
consisted of reviews that do not include enough first-hand sedimentary data. Hence, in 
this paper we present new sedimentological analyses of major outcrops of 
Carboniferous strata, the corresponding detrital zircon results from five main 





2 Tectonic frameworks 
Central Inner Mongolia consists of several units, namely Airgin 
Sum-Xilinhot-Xing’an Block (AXXB), Songliao-Hunshandake Block (SHB), and 
north margin of NCC from north to south (Fig. 1b). These three blocks are separated 
by the Late Devonian Northern Orogen and Late Silurian-Early Devonian Southern 
Orogen (Tang, 1990; Jian et al., 2008; Xu et al., 2013; Fig. 1b). 
The AXXB, also called Hutag Uul Block in southern Mongolia (Badarch et al., 
2002), extends through Airgin Sum-Sunidzuoqi-Xilinhot area to Xing’an area in 
northeastern China (Wu et al., 2007; Xu et al., 2014). The Precambrian basement is 
mainly composed of strongly deformed and metamorphosed Neoproterozoic mica 
schist, meta-volcanic rocks, meta-sandstone and marble (IMBGMR, 1991; Badarch 
et al., 2002). Two U-Pb ages of 952±8 Ma and 916±16 Ma have been reported for 
the Hutag Uul Block (Wang et al., 2001; Yarmolyuk et al., 2005). Recently, 
Mesoproterozoic gneissic granites were identified from the Sunidzuoqi area with 
U-Pb age of 1516±31 Ma and 1390±17 Ma, indicating the existence of Precambrian 
basement in this region (Sun et al., 2013). Although new detrital zircon studies of the 
Xilin Gol complex show some Early Paleozoic component and was considered to 
represent the Early Paleozoic deposition (Chen et al., 2009; Xue et al., 2009; Li et al., 
2010), further study divided the Xilin Gol complex into Precambrian supercrustal 
rocks and Paleozoic intrusion (Ge et al., 2011). 
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The SHB is located between two orogenic belts (Fig. 1b). The basement of SHB 
is made of Paleo- and Neo-proterozoic granitic rocks, which has been well 
documented from the eastern part of this block (Zhang et al., 2012; Xu et al., in 
press). However, for the western part (our study area), evidence for a Precambrian 
basement is rare. The Lower Paleozoic Ondor Sum Group was considered as the 
sedimentary cover of this block, which was deformed during twice orogenic events 
(Xu et al., 2013). Detrital zircon dating from the mica schist of Ondor Sum Group 
also provides an abundance of data for the Paleo- and Neo-proterozoic (author’s 
unpublished data). 
Both the Southern Orogen and Northern Orogen consist of Early Paleozoic arc 
magmatic rocks, ophiolitic mélange, and blueschist facies metamorphic rocks. The 
opposite direction of PAO subduction during the Early Paleozoic produced 
Bainaimiao Arc at ca. 500-410 Ma to the south and Baolidao Arc at ca. 500-420 Ma 
to the north (Chen et al., 2000; Jian et al., 2008; Zhang et al., 2013). Ordovician 
volcanic rocks and Silurian flysch were deposited near to the two magmatic arcs, 
forming a typical oceanic subduction related rock assemblage (Xu et al., 2013). 
Meanwhile, blueschist facies metamorphic rocks were identified from both orogenic 
belts (Tang and Yan, 1993; Xu et al., 2001; De Jong et al., 2006). 
After the orogenic events, conglomerates and sandstones of the Upper Silurian- 
Lower Devonian Xibiehe Formation and Upper Devonian Seribayanaobao 
Formation unconformably overlay the ophiolitic mélange, arc magmatic rocks and 
Precambrian basement along the Southern and Northern orogens, respectively 
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(Zhang et al., 2010; Xu et al., 2013). These formations were interpreted as molassic 
deposits that formed the first sedimentary cover after the orogenic events (Zhang et 
al., 2010; Xu et al., 2013). 
Different from the Devonian molassic deposition, which developed along 
orogenic belts, the Carboniferous-Permian strata are widespread in central Inner 
Mongolia (IMBGMR, 1991; Mueller et al., 1991). The Carboniferous strata consist 
of ca. 1500~3000 m-thick series of limestone, conglomerate, and sandstone with 
subordinate volcanic rocks. The abundant fossils (e.g., coral, brachiopoda, fusulinids) 
found in these Carboniferous strata indicate a predominant shallow marine 
depositional environment (IMBGMR, 1991). The Early Permian Dashizhai 
Formation is characterized by bimodal volcanic rocks (Zhang et al., 2008). In later 
times, the Middle Permian Zhesi Formation, famous for its Zhesi fauna, was 
deposited as shallow marine limestone and sandstone (e.g. Wang et al., 2004). The 
Upper Permian deposits of ca. 4000 m-thick terrestrial conglomerate and shale 
dominate the whole region (IMBGMR, 1991; Mueller et al., 1991). 
 
3. Petrography and sedimentology of Carboniferous strata 
The Carboniferous strata, especially the Late Carboniferous ones, are widespread 
in central Inner Mongolia and crop out in three blocks of this region (Fig. 1b). Along 
the Northern Orogen, they conformably covered the Late Devonian molassic 
deposits (Xu et al., 2013), while they unconformably covered the Late Silurian-Early 
Devonian molassic deposits along the Southern Orogen (IMBGMR, 1991). We 
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selected five typical sections for sedimentological studies, positions of which are 
marked in Fig. 1b. The stratigraphic framework in central Inner Mongolia has been 
constrained by several geological mapping projects and paleontological studies (Li et 
al., 1996 and references therein)that provide a control on the timing and duration of 
the Carboniferous sedimentation. Relative chronostratigraphic framework for each 
locality is illustrated in Fig. 2, including the Early Carboniferous deposits that can 
only be identified in Sunidzuoqi and Aohanqi. However, the Late Carboniferous 
strata, represented by Benbatu and Amushan Formations, or Jiadaogou and Jiujuzi 
formations, are widespread in central Inner Mongolia (Fig. 2). Their detailed 
lithofacies and sedimentary environment will be discussed below. 
3.1 Sunidzuoqi section  
    The Sunidzuoqi section (S-1 in Fig. 1b), located along the Northern Orogen, 
developed above the Late Devonian molassic conglomerate-sandstone, which 
unconformably overlies the ophiolitic mélange (Xu and Chen, 1997; Xu et al., 2013). 
The Sunidzuoqi section is composed of, from bottom to top, Lower Carboniferous 
Gouhudag and Nomgenhudag Formations, and Upper Carboniferous Benbatu and 
Amushan Formations (Fig. 2). 
    The 886 m-thick Gouhudag Formation is composed of purple lithic sandstone in 
the lower part (Fig. 3a), yellowish sandstone in the upper part (Fig. 3b), and 40 
m-thick limestone on the top. Inclined beddings can be observed in the sandstone part 
(Fig. 3b). The clastic materials, especially for the lower lithic sandstone, are mainly 
composed of polycrystalline lithic fragments that originated from magmatic rocks and 
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imply a possible provenance from a nearby orogenic belt. The overlying 391 m thick 
Nomgenhudag Formation is characterized by sandstone interbedded with siltstone in 
the lower part, and laminated mudstone in the upper part (Fig. 3). This formation 
yields abundant sedimentary structures, such as wavy bedding (Fig. 3c), 
bedding-parallel mud nodules (Fig. 3d), inclined bedding (Fig. 3e) in sandstone, and 
flat bedding (Fig. 3f) and lamina in siltstone and mudstone. All sedimentary structures 
indicate an alternation of turbulent and stable hydrodynamism. 
    Different from the Lower Carboniferous terrigenous sediments, the Upper 
Carboniferous Benbatu and Amushan Formations are mainly composed of marine 
limestone with a few siltstone interlayers (Fig. 3). The base of Benbatu Formation is 
marked by the brecciated limestone with sandstone breccias of 2-10 cm in length (Fig. 
3g), indicating an erosional basal contact. Following that, 0.2-1 m-thick beds of 
sparite and 0.1-0.5 m-thick beds of bioclastic limestone (Fig. 3h) are interbedded, 
with fossils of corals, fusulinids and crinoids. The upper part of the Benbatu 
Formation comprises 762 m-thick of rhyolite, dacite, basalt and tuff, with bimodal 
geochemical features consistent with an extensional setting (Tang et al., 2011). 
Following the volcanic rocks, the basal limestone of the Amushan Formation contains 
pebbles of underlying volcanic rocks, also indicating an erosional contact, followed 
by interbedded sandy limestone, bioclastic limestone and sparite with fusulinids and 
crinoids (Fig. 3). These two limestone-dominated strata represent carbonate platform 
deposition. 
3.2 Ondor Sum area  
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    The Ondor Sum section (S-2 in Fig. 1b), located along the Southern Orogen (Fig. 
1b), is composed of the Upper Carboniferous Hailasiamu, Benbatu and Amushan 
Formations that unconformably cover the Lower Devonian Xibiehe Formation (Fig. 
2). 
    The 380 m-thick Hailasiamu Formation is composed of pebble bearing quartz 
sandstone interbedded with black siltstone in the lower part (Fig. 4a), and black 
siltstone in the upper part (Fig. 4b). Abundant plant fossils can be found in several 
black siltstone layers (Fig. 4c). The whole sequence represents a transition from 
fluvial to lacustrine facies deposition. The Benbatu Formation is not well developed 
in this area with only 136 m-thick fusulinid-bearing limestone (Fig. 4) that is 
representative of carbonate platform deposition. 
    The 2590 m-thick Amushan Formation can be divided into three continuous 
sequences according to rock types. The lower clastic sequence is composed of 
massive coarse sandstone with large cross bedding in the lower part (Fig. 4d), 
followed by sandstone interbedded with mudstone in the upper part (Fig. 4e), 
representing an upward fining sequence from tidal flat with high water energy to 
littoral sea. The middle carbonate sequence consists mainly of massive sparite and 
bioclastic limestone with abundant fusulinids (Figs. 4f and 4g), which indicate 
platform deposition. Several sandstone and pebbly sandstone layers that indicate the 
input of terrigenous materials can be found within the limestone sequence (Fig. 4h). 
The upper clastic sequence is composed of quartz sandstone, siltstone, and limestone 
with important lateral variations. 
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3.3 Aerbaolage area  
    The Aerbaolage section (S-3 in Fig. 1b), located to the north of the Northern 
Orogen (Fig. 1b), is composed of the Upper Carboniferous Benbatu and Amushan 
Formations (Fig. 2). 
    The Benbatu Formation starts with a 45 m-thick basal conglomerate, but the 
underlying formation is unknown. The 2-20 cm diameter gravels are rounded to 
sub-rounded, poorly sorted, and composed of felsic volcanic rocks (Fig. 5a). These 
features indicate an alluvial facies with rapid proximal accumulation that can be 
considered as molassic deposition. The subsequent 72 m-thick lithic coarse sandstone 
consists mainly of low mature fragments, such as lithic and feldspar, also indicating a 
proximal deposition. The 765 m-thick limestone is thick bedded, in which shallow 
marine fossils including corals (Fig. 5b), brachiopods, and crinoids, dated to the 
Upper Carboniferous, have been found (IMBGMR, 1991). The limestone was later 
covered by yellow siltstone (Fig. 5c). In its entirety, the Benbatu Formation represents 
a fining upward sequence from basal conglomerate to littoral carbonate and clastic 
deposition. 
    Overlying the Benbatu Formation, the lower part of the Amushan Formation is 
composed of tuff and siltstone with horizontal beddings (Fig. 5d), which are 
interbedded with quartz sandstone. Wave beddings and soft sediment deformation can 
be observed (Fig. 5e), indicating a turbulent depositional environment. The middle 
part consists of mainly massive coarse-grained sandstone interbedded with sandstone 
(Fig. 5f) with cross beddings (Fig. 5g) that are representative of a near shore strongly 
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turbulent environment with sufficient terrigenous material input. The upper part of 
this formation is composed of thick layered (1-3 m) sandstone interbedded with 
thin-medium layered (5-30 cm) black siltstone-mudstone (Fig. 5h), which may 
represent periodic sea level change. Wave beddings and horizontal beddings in 
siltstone and mudstone represent transgression and relatively low water energy. While 
thick-layered sandstone and plant debris indicate regression and a turbulent water 
environment. Within the top limestone, abundant shallow marine fossils (e.g. 
brachiopods, corals and lamellibranches) have been observed (IMBGMR, 1991). 
3.4 West-Ujimqin area  
    The West-Ujimqin section (S-4 in Fig. 1b), located along the Northern Orogen 
(Fig. 1b), consists of the Upper Carboniferous Benbatu and Amushan Formations (Fig. 
2). 
    The 490 m-thick Benbatu Formation is composed of conglomerate at the bottom, 
several fining upward cycles in the lower part and limestone in the upper part. The 
basal conglomerate represents a regional unconformity, which covered the underlying 
metamorphic basement (Bao et al., 2006). The fining upward cycles contain 
conglomerate-coarse sandstone-sandstone at the bottom and sandstone-siltstone- 
mudstone at the top, which represent a fining upward sequence (Fig. 6a) and a gradual 
transgression (Bao et al., 2006). Inclined beddings can be found within the coarse 
quartz-sandstone layers (Fig. 6b), showing a turbulent environment. The blue 
thin-layered limestone contains numerous brecciated intraclasts (Fig. 6c) and fossil 
debris with soft sediment structures, also indicating high water energy. 
14 
 
    Overlying the Benbatu Formation, the basal part of the Amushan Formation is a 
conglomerate with pebbles of the underlying sandstone and limestone (Fig. 6d) that 
indicates an erosional contact and may represent a regional regression. After the 
70-m-thick interbedded sandstone and limestone, carbonate deposits dominate the 
lower sequence with shallow marine fossils (e.g., corals, fusulinids, and crinoids) that 
represent a stable platform deposition. The upper part of this carbonate sequence is 
composed of intraclast limestone and sandy intraclast limestone (Fig. 6e) that are 
indicative of high energy mid-ramp depositional environments (Burchette and Wright, 
1992). The upper clastic sequence is composed of conglomerate at the bottom, 
followed by sandstone and siltstone. Inclined beddings and soft sediment deformation 
are pervasive in the sandstone layers (Figs. 6f and 6g) with plant fossil debris, all of 
which indicate near shore deposition. Then, mud breccias are found within the low 
maturity yellow coarse feldspar-quartz sandstone (Fig. 6h), indicating a near shore 
deposition environment, possibly affected by storms.  
3.5 Aohanqi area  
    The Aohanqi section (S-5 in Fig. 1b), located to the south of the Southern 
Orogen (Fig. 1b), is composed of the Lower Carboniferous Houfangshengou 
Formation and Upper Carboniferous Jiadaogou and Jiujuzi Formations (Fig. 2). 
    The 1230 m-thick Houfangshengou Formation is composed of blue-grey 
thick-bedded limestone (0.3-1.5 m, Fig. 7a) with thin layers of siltstone interstratified 
in the upper part (Fig. 7b). The striking feature of this sequence is the abundance of 
shallow marine fossils, such as coral, crinoids, fusulinids and brachiopoda (Fig. 7c). 
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The massive beds and abundant corals represent reef limestone deposited on a 
carbonate platform (e.g. Coniglio and Dix, 1992). On the top of this formation, 
nodular limestone shows sea level fall, and significant energy fluctuations. 
    The 1054 m-thick Jiadaogou Formation is composed of 10-20 cm-thick bedded 
limestone interbedded with sandstone and siltstone (Figs. 7d and 7e). The most 
important difference from the underlying Houfangshengou Formation is the 
significant increase of siliciclastic materials. In addition, brachiopodas, instead of 
corals, are the main fossils in this formation. 
    The Jiujuzi Formation is 700 m thick interbedded with quartz sandstone and 
plant fossil-bearing black mudstone (Fig. 7). From bottom to top, the thickness of 
black laminated mudstone increases from centimeter to meter scale, showing a 
thinning upward sequence. The quartz sandstone is medium- to thick-bedded with 
graded bedding (Fig. 7f). The angular to subangular quartz grains are 2-5 mm in 
diameter and range from grain supported at the bottom to matrix supported at the top 
(Fig. 7f). The black shale is laminated but homogeneous with abundant burrows and 
plant fossils (Figs. 7g and 7h). The basal contact with quartz sandstone is sharp, 
whereas the upper contact is mainly erosive and indicates a high energy environment 
when the coarse sandstone was deposited. The quartz sandstone-shale sequence of the 
Jiujuzi Formation is interpreted as a meandering fluvial deposit based on its thinning 
upward quartz sandstone-shale sequence, and abundance of borrows and wood fossils 
(Hendrix et al., 1996; Prothero and Schwab, 2003). The quartz sandstone layers were 
deposited during a flood period. The high energy streams brought coarse grains that 
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cut the former black shales and formed an erosive contact. As the flood period 
weakened, the amount of fine-grained material increased and graded beddings 
developed in the sandstone. After the flood, organic rich clay-sized particles with 
mollusk burrows and plant materials were deposited on the floodplain to form black 
shale. 
 
4. Geochronological control of Carboniferous deposits 
   Detrital zircon U-Pb dating was carried out on sandstone samples from each 
locality (Fig. 1b) to determine the age and provenance of these Carboniferous strata. 
Detailed information and locations for each sample are given in Table 1 and Fig. 1b, 
respectively. 
4.1 Analytical methods 
Zircons were separated using heavy liquid and magnetic techniques, and purified 
by handpicking under the binocular microscope. After photographing under reflected 
and transmitted light, Cathodoluminescence (CL) images were obtained using a 
Quanta 200 FEG Scan Electron Microscope in the Peking University in order to 
investigate the internal structure and choose target sites for U-Pb analyses. CL images 
of typical zircons are presented in Fig. 8. The U-Pb ages were determined by Laser 
ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) at the Key 
Laboratory of Orogen and Crust Evolution, Peking University. The instrument 
couples a quadrupole ICP-MS (Agilient 7500c) and 193-nm ArF Excimer laser 
(COMPexPro 102, Coherent, DE) with the automatic positioning system. Calibrations 
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for the zircon analyses were carried out using NIST 610 glass as an external standard 
and Si as internal standard. U-Pb isotope fractionation effects were corrected using 
zircon Plesovice (337 Ma) as external standard. Zircon standard 91500 is also used as 
a secondary standard to supervise the deviation of age measurement/calculation. 
Isotopic ratios and element concentrations of zircons were calculated using GLITTER 
(ver. 4.4.2, Macquarie University). Concordia ages and diagrams were obtained using 
Isoplot/Ex (3.0) (Ludwig, 2003). The common lead was corrected using LA-ICP-MS 
Common Lead Correction (ver. 3.15), following the method of Andersen (2002). The 
analytical data are presented on U-Pb Concordia diagrams with 2σ errors. The mean 
ages are weighted means at 95% confidence levels (Ludwig, 2003). 
4.2 Detrital zircon dating results 
4.2.1 Lower Carboniferous sandstone from Sunidzuoqi (#090711-31) 
This sample was collected from the upper part of the Lower Carboniferous 
Nomgenhudag Formation. The zircon grains are euhedral to subhedral in shape, with 
30-70 μm in width and 50-90 μm in length. Most grains show oscillatory zoning and 
some old grains show bright to grey cores with weak oscillatory growth zoning (Fig. 
8). In total, 75 grains were analyzed with 69 concordant results (<10% discordance 
and most <5%). The Th/U ratios ranged from 0.23 to 1.35, which are characteristic of 
an igneous origin. The 69 concordant analyses yielded apparent ages ranging from 
328±4 Ma to 2894±27 Ma (Supplementary Table 1) and could be grouped into two 
main age populations: 328-503 Ma (n=53) with main peak at 430 Ma and secondary 
peak at 348 Ma; 705-1313 Ma (n=13) without peak age (Fig. 9). In addition, one 
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Pb ages of 2894±27 Ma, 
1631±31 Ma and 1581±106Ma, respectively (Supplementary Table 1). 
4.2.2 Upper Carboniferous sandstone from Ondor Sum (#100624-25) 
The sample was collected from the lower part of the Upper Carboniferous 
Amushan Formation. The zircon grains are euhedral to subhedral, ranging from 40-60 
μm in width and 50-100 μm in length with oscillatory growth zoning (Fig. 8). A total 
of 75 zircons were analyzed and 71 of them were concordant. The Th/U ratios range 
from 0.37 to 1.99, indicating a magmatic origin. Among the 71 concordant analyses, 
70 of them yielded apparent ages ranging from 403±5 Ma to 496±5 Ma, with a peak 
age of 443 Ma (Fig. 9). Only one grain yielded an age of 1136±29 Ma 
(Supplementary Table 1).  
4.2.3 Upper Carboniferous sandstone from Aerbaolage (#130615-04) 
    The sample was collected from the lower part of the Upper Carboniferous 
Benbatu Formation. The zircon grains are euhedral, ranging from 40-60 μm in width 
and 80-200 μm in length with well developed oscillatory growth zoning (Fig. 8). 
Seventy-three of the total 75 analyzed zircons were concordant. The Th/U ratios 
ranged from 0.34 to 1.34, indicating magmatic origin. The 73 concordant analyses 
showed a population with a narrow range of ages (from 283±3 Ma to 353±5 Ma) and 
a peak age of 307 Ma (Fig. 9; Supplementary Table 1). 
4.2.4 Upper Carboniferous sandstone from West-Ujimqin (#100701-23) 
The sample was collected from the lower part of the Upper Carboniferous 
Amushan Formation. The zircon grains are euhedral to subhedral, ranging from 40-60 
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μm in width and 50-150 μm in length with fine-scale oscillatory growth zoning (Fig. 
8). Seventy of the total 75 analyzed zircons were concordant, with the Th/U ratios 
ranging from 0.15 to 1.41, indicating a magmatic origin. The 70 concordant analyses 
yielded apparent ages ranging from 283±3 Ma to 2450±9 Ma (Supplementary Table 1) 
and exhibited one main age population of 283-498 Ma (n=61), with age peaks of 313 
Ma and 412 Ma (Fig. 9). In addition, nine Precambrian grains yielded ages from 
545±5 Ma to 2450±9 Ma without peak age (Fig. 9). 
4.2.5 Upper Carboniferous sandstone from Aohanqi (#130622-01) 
The sample was collected from the lower part of the Upper Carboniferous 
Jiadaogou Formation. The zircon grains are euhedral to subhedral, ranging from 
40-80 μm in width and 50-150 μm in length with well-developed oscillatory growth 
zoning (Fig. 8). Analyses for 73 of 75 grains were valid and concordant. The Th/U 
ratios range from 0.15 to 1.72, indicating magmatic origin. The concordant zircons 
yielded apparent ages that ranged from 305±4 Ma to 2559±17 Ma (Supplementary 
Table 1) and belonged to one main age population of 305-483 Ma (n=70), having an 
age peak of 384 Ma (Fig. 9). In addition, three Precambrian grains yielded ages at 
2458±10 Ma, 2488±10 Ma, and 2559±17 Ma (Fig. 9). 
5. Discussion 
5.1 Stratigraphic correlation and basin paleogeography 
The sedimentological analyses demonstrate a basal contact of most of the Late 
Carboniferous strata with the underlying Precambrian basement and Early Paleozoic 
arc magmatic rocks. A composite lithostratigraphic correlation chart (illustrated in Fig. 
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10) can be used to represent the five main sedimentary stages of the Carboniferous 
strata in central Inner Mongolia based on the similarities in lithologic assemblages, 
fossils and detrital zircon U-Pb dating results. 
5.1.1 Basal molassic deposition 
Two unconformities have been identified along both the southern and northern 
orogens, which postdated these two orogenic events before the Late Silurian and Late 
Devonian, respectively (Tang, 1990; Xu et al., 2013). Late Silurian- Early Devonian 
molassic sediments of the Xibiehe Formation unconformbly covered the metamorphic 
basement and ophiolitic mélange along the Southern Orogen (Tang, 1990; Li et al., 
1996; Zhang et al., 2010). After that, the whole region along the Southern Orogen 
became a subaerial environment without sediments until the Late Carboniferous. For 
the Northern Orogen, the ophiolitic mélange was unconformably covered by the Late 
Devonian conglomerate of the Seribayanaobao Formation, identified from the 
Sunidzuoqi area (Fig. 10a; Xu et al., 2013). The sequence, starting with the Late 
Devonian terrestrial molassic conglomerate, became finer upward into the Early 
Carboniferous littoral terrigenous lithic sandstone and siltstone (Figs. 3 and 10). 
At the beginning of the Late Carboniferous, an extensive transgression occurred 
after the Silurian-Devonian orogenic events (IMBGMR, 1991), and produced the 
molassic-like deposit at the bottom of Late Carboniferous strata in several localities of 
central Inner Mongolia (e.g. Ondor Sum, Aerbaolag, and West-Ujimqin) as shown in 
Fig. 10. In the Ondor Sum area, the lowermost Hailasiamu Formation, which 
unconformably covered the Xibiehe Formation (IMBGR, 1976), is mainly composed 
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of fluvial coarse quartz-sandstone and plant fossils bearing lacustrine black siltstone, 
indicating a terrestrial deposition (Fig. 10). In the Aerbaolage area, although no direct 
unconformity was observed, the basal conglomerate of the Benbatu Formation can be 
considered as a molassic deposition, with abundant volcanic boulders and pebbles 
(Fig. 5a). Meanwhile, the unconformity between the Late Carboniferous basal 
conglomerate and ophiolite was identified in the Aerbaolage area (Fig. 10b; Zhang et 
al., 2012). In the West-Ujimqin area, the basal conglomerate of Benbatu Formation 
unconformably covered the Precambrian Xilinhot metamorphic complex (Bao et al., 
2006) and showed a molassic-like feature. However, for the Aohanqi area, the first 
Early Carboniferous deposits were carbonates whereas basal sediments are unclear as 
no pre-Carboniferous sediment was identified. 
5.1.2 First stage of carbonate platform deposits 
    After the fining upward molassic deposition, the entire region came into a 
carbonate platform environment, represented by the Benbatu Formation limestone, 
which is characterized by the abundant shallow marine fossils (e.g. fusulinids, corals, 
and brachiopods) as shown in Fig. 10. The Benbatu Formation from the Sunidzuoqi, 
Ondor Sum, Aerbaolage, and West-Ujimqin areas can be correlated by fusulinid 
combinations. The Profusulinella-Pseudostaffella and Fusulina-Fusulinella zones 
characterize the lower and upper parts of the Benbatu Formation (IMBGMR, 1991; Li 
et al., 1996). Meanwhile, the Benbatu Formation can also be identified from the 
Siziwangqi and Alukerqin areas, which are located on both sides of the Southern 
Orogen (Fig. 1b). This is an indication that transgression occurred over the entirety of 
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central Inner Mongolia. Furthermore, a direct unconformity between the Late 
Carboniferous limestone and ophiolitic mélange was identified in the Ondor Sum area 
(Fig. 10c), indicating a transgressive overlap. During this stage, the whole area 
became an extensive inland sea, producing widespread carbonate deposits with 
similar shallow marine fossils.  
5.1.3 Terrigenous deposits and local volcanism within the carbonate platform 
After the Benbatu Formation carbonate deposition, terrigenous clastic sediments 
dominated this region with local volcanic occurrence (Fig. 10). In the Aerbaolage and 
Ondor Sum areas, thick-bedded coarse sandstone with large inclined beddings and 
cross beddings (Figs. 4d and 5g) is situated at the bottom of the Amushan Formation 
(Fig. 10). Furthermore, the high proportion of lithic and feldspar fragments, combined 
with conglomerate interlayers, indicate their low maturity, which may have been 
deposited in an inland sea close to the provenance. In the West-Ujimqin area, 
limestone pebbles within the basal conglomerate of the Amushan Formation indicate 
erosion of an underlying carbonate deposition. In the Sunidzuoqi-Sunidyouqi area, the 
Chagannur volcanic rocks are situated above the Benbatu Formation limestone (Fig. 
10). The geochemical features of the basalt and rhyolite indicate an extensional setting 
(Tang et al., 2011). During this stage, the regional tectonics caused uplift and erosion 
of the underlying strata, producing clastic deposits in the nearby basins. 
5.1.4 Second stage of carbonate platform deposits 
Represented by the Amushan Formation limestone, a new stage of carbonate 
deposits overly the terrigenous sediments (Fig. 10). Like the Benbatu Formation, the 
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Amushan Formation can also be correlated by fusulinid fossils (e.g., Triticites and 
Pseudoschwagerina) throughout the entire area (IMBGMR, 1991; Li et al., 1996; 
Shen et al., 2006). The distribution of the Amushan Formation carbonate deposits is 
more widespread than that of the Benbatu Formation, indicating the expansion of the 
inland sea. 
5.1.5 Post-carbonate terrigenous clastic deposition 
    Diverse depositional patterns occurred in central Inner Mongolia (Fig. 10) after 
deposition of the Amushan Formation carbonate. A subaerial environment followed 
the Amushan limestone without deposition to the south of Sunidzuoqi until the 
Middle-Late Permian terrestrial conglomerate (Xu and Chen, 1997). In Ondor Sum, 
Aerbaolage and West Ujimqin areas, shallow marine or littoral facies clastic deposits 
overly the Amushan limestone, and in turn were covered by the Early Permian 
shallow marine facies deposits (Bao et al., 2006; Gong et al., 2013). In the Aohanqi 
area, the Upper Carboniferous carbonate-clastic sediments were followed by the 
Upper Carboniferous Jiujuzi Formation terrestrial facies deposits, with Cathaysian 
flora and coal seams therein (IMBGMR, 1991; Figs. 10 and 7h). 
 
5.2 Provenance interpretation and basement indication 
Detrital zircon age spectra of the five sandstone samples from the Carboniferous 
rocks are dominated by Phanerozoic grains that exhibit two main age clusters with 
peaks at 400-440 Ma and 310 Ma, and subordinate peaks at 340 Ma (Fig. 9). The 
Early Paleozoic peak at 400-440 Ma was identified from samples near the northern 
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and southern suture zones, in Sunidzuoqi, Ondor Sum, and West-Ujimqin (Fig. 1b), 
where the Early Paleozoic arc magmatic rocks are widespread (Jian et al., 2008; Xu et 
al., 2013; Zhang et al., 2013). This peak can also be traced from detrital zircon results 
of the Early Paleozoic sediments in AXXB and SHB (Fig. 11). The 310 Ma age peak 
was identified from the West-Ujimqin and Aerbaolag areas, where the Late 
Carboniferous magmatic rocks were well exposed (Bao et al., 2007; Liu et al., 2009; 
Xue et al., 2010), indicating that the local magmatic rocks were the main provenance 
for these zircons. Furthermore, the age peak at 384 Ma is only evidenced by the 
sample from Aohanqi, where the same age peak was displayed from the Devonian 
strata (Cheng et al., 2014). This unique age cluster may be related to the Devonian 
syenitic complexes and mafic intrusions at the northern margin of the NCC (Luo et al., 
2001; Jiang, 2005; Zhang et al., 2010; Zhang and Zhai, 2010).  
Precambrian zircon grains can be traced from four samples, but a rigorous 
statistical comparison is impossible because of the small number of grains (Fig. 9). 
However, the predominant Meso- to Neo-proterozoic grains are most likely supplied 
from the underlying AXXB and SHB, where such a Meso- to Neo-proterozoic 
basement is well documented (Fig. 11; Zhang et al., 2012; Xu et al., 2013; Wang et al., 
2013; Zhao et al., 2014).  
In summary, the detrital zircon dating results indicate that the provenances for 
these Late Carboniferous strata were mainly local magmatic rocks with subordinate 
input of basement clastics, indicating local erosion and proximal provenances. This 
kind of detrital zircon distribution pattern indicates that the Carboniferous strata were 
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deposited above the Precambrian basement of these three blocks and two Early 
Paleozoic orogenic belts. Therefore, the Carboniferous strata were most likely 
deposited in an inland sea above the welded block, but not in a wide ocean. 
 
5.3 Tectonic implication 
The sedimentological analyses and detrital zircon dating of the Carboniferous 
strata in central Inner Mongolia display the same depositional setting and similar 
provenance, indicating that they were deposited in the same geological setting. The 
sedimentological analyses document that most of the Carboniferous strata overlie the 
Neoproterozoic basement, Early Paleozoic magmatic arc, accretionary complex, and 
Devonian strata. This conclusion is supported by our detrital zircon results (Figs. 9 
and 11). This unconformity represents a regional transgression during the Late 
Carboniferous after the Devonian-Early Carboniferous sedimentary hiatus in most 
regions of central Inner Mongolia (Fig. 12; IMBGMR, 1991; Tang, 1990; Shao et al., 
1991). 
The subduction of PAO produced two arc magmatic belts along two subduction 
zones of opposite polarities, named the Bainaimiao Arc at the northern margin of 
NCC and the Baolidao Arc at the southern margin of AXXB (Fig. 12a; Jian et al., 
2008; Xu et al., 2013). Both arc activities started from ca. 500 Ma, and ceased at 
420-410 Ma (Jian et al., 2008; Shi et al., 2005; Zhang et al., 2013). The magmatism 
was accompanied by blueschist facies metamorphism (Xu et al., 2001; De Jong et al., 
2006). The final continental collision was postdated by Late Silurian-Early Devonian 
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molassic deposition along the Southern Orogen (Fig. 12a; Tang, 1990; Zhang et al., 
2010; Shi et al., 2013), and Late Devonian molassic deposition along the Northern 
Orogen (Fig. 12a; Xu et al., 2013). NCC, SHB, and AXXB were welded into a unified 
continent after two collisions (Xu et al., 2013), which is supported by recent 
paleomagnetic studies (Zhao et al., 2013). Except for the molassic deposition along 
the two orogenic belts, most parts of the central Inner Mongolia came into a subaerial 
environment, without Devonian-Early Carboniferous deposits (Fig. 12a; Tang, 1990; 
Shao et al., 1991).  
During the Late Carboniferous, abundant bimodal volcanic rocks and granite 
emplaced, forming a huge extensional related magmatic belt in the areas of southern 
Mongolia and northern Inner Mongolia (Fig. 12b; Shi et al., 2003; Bao et al., 2007; 
Xue et al., 2010; Yarmolyuk et al., 2008; Cheng et al., 2012; Xu et al., 2012; Liang et 
al., 2013). Nevertheless, geochemical studies of the Late Carboniferous granitoids 
from Sunidzuoqi and West-Ujimqin display calc-alkaline affinities (Chen et al., 2000; 
Liu et al., 2009; 2013). The Late Carboniferous magmatic intrusions from Chengde 
area at the northern margin of NCC also display arc-like geochemistry affinities (S.H. 
Zhang et al., 2007; 2009a). These results were considered as evidences for the 
existence of magmatic arcs and oceanic subduction in central Inner Mongolia during 
the Late Carboniferous (Chen et al., 2000; S.H. Zhang et al., 2007; 2009a; Liu et al., 
2013). However, the Late Carboniferous granitoids in West-Ujimqin were also 
interpreted as extension-related (Bao et al., 2007; Xue et al., 2010). The Chagannur 
bimodal volcanic rocks in Sunidzuoqi-Sunidyouqi were also described as forming in 
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post-collisional extensional setting (Tang et al., 2011). X.H. Zhang et al. (2012) 
reported the Late Carboniferous appinitic intrusions in Hohhot area, which were 
interpreted to be formed within a post-subduction transtensional regime. Moreover, he 
also considered that the Late Carboniferous magmatic intrusions S.H. Zhang et al. 
(2007; 2009a) reported in Chengde area are also belong to appinitic magmatic rocks, 
which should emplace in the same transtensional setting. Furthermore, these Late 
Carboniferous magmatic rocks can be found on both sides of the suture zone, which 
cannot be explained by an arc model. In addition, the arc interpretation is 
contradictory with our sedimentary analyses, as the Late Carboniferous deposits on 
both sides of this assumed Late Carboniferous arc are comparable, indicating the 
same sedimentary environment (Figs. 1b and 12b; IMBGMR, 1991; Shao et al., 1991). 
Meanwhile, the basal conglomerate of the Late Carboniferous strata uncomformably 
overlies the underlying Precambrian basement, ophiolitic mélange, Early Paleozoic 
magmatic arc, and Late Carboniferous magmatic intrusions, indicating an extensive 
transgression on a single continent. Hence, the Late Carboniferous magmatic rocks 
may be emplaced in a local extensional or transtensional trough (Fig. 12b; Bao et al., 
2007; Tang et al., 2011). 
Furthermore, during the Late Carboniferous, the northern Inner Mongolia (from 
Erenhot to East-Ujimqin) was dominated by terrestrial facies deposits (Fig. 12b), 
represented by the Baoligaomiao Formation, from which abundant Angara flora were 
identified (IMBGMR, 1991). This terrestrial deposit belt indicates the intracontinental 
environment of AXXB during the Late Carboniferous, which can be treated as the 
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northern margin of the inland sea (Fig. 12b; Bao et al., 2006).  
5.4 Paleontological and paleomagnetic constraints 
Our sedimentological analyses and depositional setting interpretations are 
consistent with both the paleontological (Zhou et al., 2010; Xin et al., 2011) and the 
paleomagnetic data in this region (Pruner, 1987; Xu et al., 1997; Chen et al., 1997; Li 
et al., 2012; Zhao et al., 2013). 
In recent paleontological studies, typical Cathaysia flora fossils were identified 
from the Baoligaomiao Formation in East-Ujimqin, mixed with Angara flora (Xin et 
al., 2011). Furthermore, Cathaysia flora fossils were also identified from the 
Late-Middle Permian strata in East-Ujimqin (Zhou et al., 2010). Recently identified 
Late Carboniferous-Middle Permian mixture of Cathaysia and Angara flora in the 
northern part of Inner Mongolia indicate that the PAO closed at least before the Late 
Carboniferous. These new discoveries improved the traditional paleontological 
division, which considered the mixture of Cathaysia and Angara flora did not occur 
until the Late Permian along the Solonker (Huang, 1980; Deng et al., 2009; Shi, 2006). 
This pre-Late Carboniferous closure of PAO was also suggested by Dobretsov et al. 
(1995; 2003) and then confirmed by Safonova et al. (2009) and Donskaya et al. 
(2013). 
Although paleomagnetic results indicate a long distance from the NCC and SIB 
during the Carboniferous, the intervening microblocks were located nearby the NCC 
since at least the Late Carboniferous (Pruner, 1987; Xu et al., 1997; Chen et al., 1997; 
Li et al., 2012). Xu et al. (1997) carried out paleomagnetic studies on the 
29 
 
Carboniferous-Permian strata from the Chita area (Amur region of Russia), and got a 
similar paleolatitude of the Amur block with that of NCC. From paleomagnetic 
studies of the Carboniferous-Permian strata from central Mongolia, Pruner (1987) 
considered that central Mongolia was a part of the NCC ever since the Early Permian. 
For the Chinese part, paleomagnetic studies were performed on the Upper 
Carboniferous strata in East-Ujimqin and Sunidzuoqi areas, northern Inner Mongolia, 
both of which gave similar paleolatitudes with NCC and placed the northern Inner 
Mongolia at the northern margin of NCC during the Late Carboniferous (Chen et al., 
1997; Li et al., 2012). Recently, paleomagnetic studies were carried out on the 
Devonian-Permian strata of Hunshandake Block, showing that this block was located 
at the northern margin of NCC since the Late Devonian (Zhao et al., 2013). These 
blocks were accreted to the northern margin of NCC, and formed a large continental 
block before the Late Devonian (Zhao et al., 2013; Xu et al., 2013). 
 
Conclusions 
Combining our new sedimentological analyses and detrital zircon dating with 
previous tectonic, geochemical, geochronological, paleontological and paleomagnetic 
studies, we can draw the following conclusions. 
(1) Widespread Late Carboniferous strata in central Inner Mongolia were 
dominated by shallow marine clastic-carbonate deposits with basal conglomerate 
above the Precambrian basement and Early Paleozoic orogens. These rocks represent 
a Late Carboniferous inland sea in central Inner Mongolia. 
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(2) Five sedimentary stages have been distinguished to depict the Carboniferous 
deposition. From bottom to top, they are i) basal molassic deposits, ii) first carbonate 
platform deposits, iii) terrigenous deposits with coeval intra-plate volcanism, iv) 
second carbonate platform deposits, and v) post-carbonate terrigenous deposits. These 
five stages represent an extensive transgression of the inland seas in central Inner 
Mongolia during the Late Carboniferous.  
(3) The detrital zircon geochronology indicates that the provenances for these 
Late Carboniferous materials were mainly local magmatic rocks: erosion of the Early 
Paleozoic arc magmatic rocks and Carboniferous intrusions, with a subordinate input 
from the Precambrian basement. 
(4) The sedimentary facies analyses, detrital zircon provenance, fossil 
assemblage similarities and paleomagnetic reconstructions indicate that an inland sea 
environment was the main paleogeographic feature for central Inner Mongolia during 
the Late Carboniferous. The Late Carboniferous inland sea strata were deposited on a 
continental crust, which was already welded by the Early Paleozoic collisions 
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Figure and table captions 
Table 1. Summary of sandstone samples for detrital zircon dating 
 
Figure 1. (a) Location of the Altaid /Central Asian Orogenic Belt (CAOB) (compiled 
from Sengör et al., 1993; Windley et al., 2007). (b) Sketch geological map of 
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central Inner Mongolia showing the main tectonic units: three blocks (North 
China Craton, Songliao-Hunshandake Block, and Airgin Sum-Xilinhot-Xing’an 
Block) and two Early Paleozoic orogenic belts (Southern Orogen and Northern 
Orogen) (compiled from Jian et al., 2008; Xu et al., 2013). Carboniferous strata, 
highlighted in this map, were compiled from IMBGMR, (1991).  
 
Figure 2. Comparison of stratigraphic sequences of the five locations in central Inner 
Mongolia, illustrating the sandstone samples used for detrital zircon dating. 
 
Figure 3. Stratigraphic sequence and photographs of the Carboniferous strata in 
Sunidzuoqi (S-1 in Fig. 1b). The position of each photograph is marked beside 
the column. a: purple lithic sandstone; b: inclined bedding; c: wavy bedding; d: 
bedding-parallel mud nodules; e: inclined bedding; f: flat bedding; g: limestone 
with sandstone breccias; h: bioclastic limestone. The legend is used for Figure 3 
to Figure 7. 
 
Figure 4. Stratigraphic sequence and photographs of the Carboniferous strata in Ondor 
Sum (S-2 in Fig. 1b). The position of each photograph is marked beside the 
column. a: quartz-rich coarse sandstone; b: thin-layered black siltstone; c: plant 
fossils within black siltstone; d: large-scale cross bedding; e: sandstone 
interbedded with mudstone; f: massive sparite and bioclastic limestone; g: 





Figure 5. Stratigraphic sequence and photographs of the Carboniferous strata in 
Aerbaolage (S-3 in Fig. 1b). The position of each photograph is marked beside 
the column. a: conglomerate at the bottom of Benbatu Formation; b: corals 
within limestone layers; c: yellow siltstone at the top of Bentabu Formation; d: 
horizontal bedding; e: soft sediment deformation; f: coarse sandstone 
interbedded with sandstone; g: cross bedding; h: the contact between black 
siltstone and massive sandstone. 
 
Figure 6. Stratigraphic sequence and photographs of the Carboniferous strata in 
West-Ujimqin (S-4 in Fig. 1b). The position of each photograph is marked beside 
the column. a: fining upward sequence at the bottom of Benbatu Formation; b: 
inclined bedding in coarse sandstone; c: brecciated intraclasts in limestone; d: 
basal conglomerate at the bottom of the Amushan Formation; e: intraclast 
limestone and Crinoidea therein; f: inclined bedding in sandstone; g: soft 
sediment deformation; h: coarse sandstone with mud breccias. 
 
Figure 7. Stratigraphic sequence and photographs of the Carboniferous strata in 
Aohanqi (S-5 in Fig. 1b). The position of each photograph is marked beside the 
column. a: massive limestone; b: siltstone interlayer within limestone; c: corals 
in limestone; d: thin-bedded bioclastic limestone; e: limestone interbedded with 
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siltstone; f: fining upward sequence of the Jiujuzi Formation sandstone; g: plant 
fossils in black shale; h: burrows in black shale. 
 
Figure 8. Cathodoluminescence (CL) images of selected detrital zircons from each 
sample. The circles represent U–Pb analytical sites with numbers in the circles 
and ages presented below. 
 
Figure 9. U–Pb concordia and probability diagrams of zircon ages of the five 
sandstones in this study. The inset figures within each U-Pb concordia diagram 
show zircon grains with ages of 250-500 Ma. 
 
Figure 10. Tentative correlation diagram for the five sections analyzed in this study. 
See Fig. 1b for locations of each section. Correlations were established by 
tracing similar beds in the field. Five sedimentary stages were distinguished 
according to different rock assemblages and sedimentary facies. a: Unconformity 
between Upper Devonian conglomerate and ophiolitic mélange in Sunidzuoqi 
(from Xu et al., 2013); b: Unconformity between Upper Carboniferous 
conglomerate and ophiolite in Aerbaolage (from Zhang et al., 2012); c: 
Unconformity between Upper Carboniferous limestone and ophiolitic mélange in 
Ondor Sum. 
 
Figure 11. Comparison of probability plots for Carboniferous data from Sunidzuoqi (a) 
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and West-Ujimqin (b) of this study with the Early Paleozoic data from Airgin 
Sum-Xilinhot-Xing’an Block (AXXB) (c; Zhao et al., 2014) and 
Songliao-Hunshandake Block (SHB) (d; Xu et al., 2013). 
 
Figure 12. Schematic evolutionary model between the North China Craton, 
Songliao-Hunshandake Block and Airgin Sum-Xilinhot-Xing’an Block (AXXB) 
during the Carboniferous. Detailed interpretations are given in the text. 
 Figure 1. (a) Location of the Central Asian Orogenic Belt (CAOB, compiled from Sengör et al., 
1993). (b) Sketch geological map of central Inner Mongolia showing the main tectonic units: three 
blocks (North China Block, Songliao-Hunshandake Block and Airgin Sum-Xilinhot-Xing’an Block) 
and two Early Paleozoic orogenic belts (Southern Orogen and Northern Orogen) (compiled from 
Jian et al., 2008; Xu et al., 2013). The Carboniferous strata, highlighted in this map, are compiled 
from IMBGMR, (1991). Note that they cover on the three blocks. 
 
Fig. 2. Comparison of stratigraphic sequences of the five locations in central Inner Mongolia, with 
sandstone samples for detrital zircon dating illustrated. 
 Fig. 3 Stratigraphic sequence and photographs of the Carboniferous strata in Sunidzuoqi (S-1 in 
Fig. 1b). The position of each photograph is marked besides the column. a: purple lithic 
sandstone; b: inclined bedding; c: wave bedding; d: bedding-parallel mud nodules; e: inclined 
bedding; f: flat bedding; g: limestone with sandstone breccias; h: bioclastic limestone. The legend 
is used for Figure 3 to figure 7. 
 Fig. 4. Stratigraphic sequence and photographs of the Carboniferous strata in Ondor Sum (S-2 in 
Fig. 1b). The position of each photograph is marked besides the column. a: quartz-rich coarse 
sandstone; b: thin-layered black siltstone; c: plant fossils within black siltstone; d: large-scale 
cross bedding; e: sandstone interbedded with mudstone; f: massive sparite and bioclastic 
limestone; g: fusulinids within limestone; h: pebbly sandstone layers within limestone sequence.
 Fig. 5. Stratigraphic sequence and photographs of the Carboniferous strata in Aerbaolage (S-3 in 
Fig. 1b). The position of each photograph is marked besides the column. a: conglomerate at the 
bottom of Benbatu Formation; b: corals within limestone layers; c: yellow siltstone at the top of 
Bentabu Fromation; d: horizontal bedding; e: soft sediment deformation; f: coarse sandstone 
interbedded with sandstone; g: cross bedding; h: the contact between black siltstone and 
massive sandstone. 
 Fig. 6. Stratigraphic sequence and photographs of the Carboniferous strata in West-Ujimqin (S-4 
in Fig. 1b). The position of each photograph is marked besides the column. a: fining upward 
sequence at the bottom of Benbatu Fromation; b: inclined bedding in coarse sandstone; c: 
brecciated intraclasts in limestone; d: basal conglomerate at the bottom of the Amushan 
Formation; e: intraclast limestone and Crinoidea therein; f: inclined bedding in sandstone; g: soft 
sediment deformation; h: coarse sandstone with mud breccias. 
 Fig. 7. Stratigraphic sequence and photographs of the Carboniferous strata in Aohanqi (S-5 in Fig. 
1b). The position of each photograph is marked besides the column. a: massive limestone; b: 
siltstone interlayer within limestone; c: corals in limestone; d: thin-bedded bioclastic limestone; e: 
limestone interbedded with siltstone; f: fining upward sequence of the Jiujuzi Formation 
sandstone; g: plant fossils in black shale; h: burrows in black shale. 
 Fig. 8. Cathodoluminescence (CL) images of selected detrital zircons from each sample. The 
circles represent U–Pb analytical sites with numbers in the circles and ages presented below. 
 
Fig. 9. U–Pb concordia and probability diagrams of zircon ages of the five sandstone in this study. 
The inset figures within each U-Pb Concordia diagram show zircon grains with ages of 250-500 
Ma. 
 
Fig. 10. Tentative correlation diagram for the five sections analyzed in this study. See Figure 1b for 
locations of each section. Correlations were established by tracing similar beds in the field. Five 
sedimentary stages were distinguished according to different rock assemblages and sedimentary 
facies. a: Unconformity between Upper Devonian conglomerate and ophiolitic mélange in 
Sunidzuoqi (from Xu et al., 2013); b: Unconformity between Upper Carboniferous conglomerate 
and ophiolite in Aerbaolage (from Zhang et al., 2012); c: Unconformity between Upper 
Carboniferous limestone and ophiolitic mélange in Ondor Sum. 
 
Fig. 11. Comparison of probability plots for our Carboniferous data from Sunidzuoqi (a) and 
West-Ujimqin (b) with the Early Paleozoic data from Airgin Sum-Xilinhot-Xing’an Block (AXXB) (c; 
Zhao et al., under review) and Songliao-Hunshandake Block (SHB) (d; Xu et al., 2013). 
 Fig. 12 Schematic evolutionary model between North China Block, Songliao-Hunshandake Block 
and Airgin Sum-Xilinhot-Xing’an Block (AXXB) during Carboniferous. Detailed interpretation is 
discussed in the text. 
